The definitions of the Kondo energy in the numerical renormalization group (NRG) and the Friedel artificially inserted resonance (FAIR) theory fail sadly for small samples where their predicted Kondo energy increases, while in reality the Kondo effect disappears. Therefore a different, universal definition of the Kondo energy is proposed, which uses the evasion of the orthogonality catastrophe by the Kondo impurity. A magnetic impurity which has a pure diagonal interaction 2Js z S z with the conduction electrons polarizes all of the spin-up and down electrons and reduces the scalar product between corresponding spin-up and down states. The multi-electron scalar product (MESP) between all occupied spin-up and spin-down states approaches zero exponentially with the number N of Wilson states (this is the so-called orthogonality catastrophe). In contrast in the Kondo ground state the corresponding conduction electrons of opposite spin are pairwise aligned within the Kondo energy. In the present paper the MESP is investigated for the FAIR solution of the Friedel-Anderson impurity. The MESP is numerically determined for the (enforced) magnetic and the singlet states as a function of the number N of Wilson states. The magnetic states show an exponentially decreasing MESP as a function of N . Surprisingly it is not the number of states which causes this decrease. It is instead the smallest energy separation from the Fermi energy that determines the reduction of the MESP. In the singlet state the ground state requires a finite MESP to optimize its energy. As a consequence there is no orthogonality catastrophe. The MESP approaches a saturation value as function of N . Within the energy range of the Kondo energy the scalar product between corresponding (single electron) spin-up and spin-down states is very close to 1.000 and falls off beyond the Kondo energy. The energy which separates the two regions is well suited as a universal definition of the Kondo energy.
Introduction
There are many definitions of the Kondo temperature in the theoretical solid state literature. The first one was derived from the divergence of the perturbation calculation. It yielded essentially
where ρ 0 is the density of states, J is the exchange constant in the interaction 2Js · S, and D is half the band width. The exact definition depends on the extent to which different families of diagrams are included in the calculation.
In numerical calculations one generally uses a second generation definition for the Kondo energy. For example the numerical renormalization group (NRG) theory defines the Kondo energy ε K as a quarter of the inverse susceptibility χ (T = 0) of the spin 1/2 impurity at zero temperature.
The common argument is that the multi-electron scalar product between all occupied s-states with spin up and those with spin down approaches zero when N, and therefore the number of occupied s-electron states, becomes very large. Now we add to this system of spin-up impurity plus polarized conduction electrons the time reversed system where all spin directions are reversed. Then the matrix element for a transition between the two states by spin-flip processes of the form J (r) [s + S − + s − S + ] vanishes. Therefore the system cannot decrease its energy by spin-flip processes. However, at small energy states the gain in spinflip energy is larger than the gain in spin polarization. Therefore the non-diagonal part of the s · S interaction tries to prevent the orthogonality catastrophe. This can be well traced in the FAIR treatment of the Kondo impurity.
In the following the Friedel-Anderson (FA) impurity will be discussed where this process is less obvious. The Hamiltonian for the FA-impurity is given by
In the following I assume that the reader is familiar with the FAIR method which our group developed during the past few years [5] , [6] , [7] . A short review is posted at the ArXiv [8] .
Krishna-murthy, Wilkins, and Wilson [9] clarified the role of the local magnetic moment in the FA-impurity. They performed a numerical renormalization a la Wilson [10] for the FA-Hamiltonian. They demonstrated that for sufficiently large Coulomb repulsion (when U >> Γ = πρ |V sd | 2 ) the flow of their Hamiltonian H N passed close to the fixed point for a local moment. This means that under these conditions the impurity first assumed a magnetic moment when the temperature is lowered. After passing the fixed point for the local moment the renormalization flow (corresponding to a reduction of temperature) approaches the Kondo ground state.
In the following I will discuss the two different solutions of the FA-Hamiltonian: the magnetic state and the singlet state. (The magnetic state can be enforced by a small magnetic field). This state will be called the enforced magnetic state. This avoids the finite temperature treatment. In FAIR the magnetic solution Ψ M S has the form
The states states a † For the FAIR solution the MESP between the occupied spin up and spin down sub-bands is essentially given by
3 Numerical Calculation of the Multi-Electron Scalar Product
The enforced magnetic state
For most of the numerical calculations Wilson states are used (see appendix). In the calculation the following parameters are used: Table  I shows M (N/2) M S of the magnetic solution for the different sizes N of the bases. The third column gives the scalar product of the two FAIR states, a 0+ Φ 0 |a 0− Φ 0 M S , the fourth column the ground-state energy, and the fifth column gives the magnetic moment. (Φ 0 is the vacuum state). As one can see the scalar product a 0+ Φ 0 |a 0− Φ 0 M S , the ground-state energy (in the enforced magnetic state), and the moment have reached their final values already for N = 30. However, the multi-scalar product decreases with increasing N. 
In Fig.1 the logarithm of the multi-electron scalar product ln M 
The singlet state
In the next step I calculate the MESP for the singlet ground state. The same parameters 18-43 
Such a transition is proportional to the square of the MESP. To be able to harvest energy from these processes the states a † i+ and a † i− are, for small energies, aligned with each other. The next question investigated is how the alignment of the states a † i+ and a † i− depends on the energy E i,± of the states a † i+ and a † i− . In Fig.6 the scalar product a † i+ Φ 0 |a † i− Φ 0 is plotted as a function of log |E i,± | for the parameters |V sd | 2 = 0.04, E d = −0.5 and U = 1.0. One recognizes that for positive and negative energies the scalar product at small energies is essentially equal to one. Then at larger energies the values of the scalar product decrease in first approximation linearly. The intersection of the two straight lines is at log |E i,± | = −3.41. The corresponding energy of 3. 90×10 −4 can be used as a new definition for the Kondo energy. In Fig.8 the different results are collected. Here the extrapolated logarithm of the energy log (ε K ) is used as abscissa. For each parameter set the logarithm of the unrelaxed singlet-triplet energy log (E st ) (full circle), the relaxed singlet-triplet energy log (E * st ) (full triangle) and the susceptibility energy log (E χ ) (stars) are plotted). Here E χ is defined by the inverse susceptibility as E χ = 1/ (4χ). (The latter has been recently calculated for the FAIR approach [11] .) Along the straight line abscissa and ordinate are equal. The different definitions for the Kondo energy yield rather similar results. The new definition yields slightly larger values than the susceptibility and the relaxed E * st , but smaller values than the unrelaxed one E st . (full circle) , relaxed E * st (triangle) and susceptibility energy E χ as a function of the logarithm of the extrapolated energy ε K . The straight line corresponds to log (E st ) = log (ε K ).
Kondo impurity
The same calculations are performed for the Kondo impurity. In Fig.9 a similar plot is shown for different values of J. The smaller the value of J the smaller is the energy of the intersection. In Fig.10 the different results are collected. Again the extrapolated logarithm of the energy ε K is used as abscissa. For each parameter set the logarithm of the unrelaxed singlettriplet energy log (E st ) (full circle), the relaxed singlet-triplet energy log (E * st ) (full triangle) and the susceptibility energy log (E χ ) (stars) are plotted). Again the different values are essentially proportional to each other. 
Conclusion
The Kondo effect develops only in samples of sufficiently large size. This is (at least) known since Wilson's NRG paper. However, two of the measures for the Kondo energy, the suceptibility energy and the singlet-triplet excitation energy increase when the sample size is decreased. Both fail as a measure for the Kondo energy for small sample sizes. In the present paper the alignment of the electronic wave functions close to the Fermi energy is proposed as an alternative measure for the Kondo energy. This alignment is intimately connected to the Kondo ground state. In the Kondo ground state the alignment takes place to avoid the orthogonality catastrophe. The latter prevents any energy gain of the ground-state energy from spin-flip processes. Therefore the energy range in which spin-up and down electron states are aligned is also the energy range in which spin-flip processes contribute to the reduction of the ground-state energy. Since this energy range is exponentially small the Kondo energy is exponentially small.
A satisfactory definition of the Kondo energy that shows the disappearance of the Kondo effect is required to investigate the presence (or absence) of the Kondo effect in small samples, in particular in three dimensions. It was long believed that the critical size for the Kondo effect in three dimensions is the Kondo radius r K = v F /ε K . (In Wilson nomiclature v F is equal to one). The author [12] investigated the conditions for the development of a resonance in three dimensions. Only a perfect sphere with the impurity in the center requires such a large size as v F /ε R (where ε R is the energy width of the resonance). For less symmetric samples a much smaller size is sufficient. Presently our group is investigating this question for the Kondo resonance. The criterion developed here for the Kondo energy and the occurrence of the Kondo effect is essential for this investigation.
Appendix

A Kondo Effect in Small Samples
As mentioned above one can simulate a small sample by using a finite number of Wilson states. Wilson [10] In Fig.12 the value of the (logarithm of the) singlet-triplet excitation energy E st and the corresponding Kondo energy from the susceptibility (E χ = 1/4χ ) are plotted versus the number N of Wilson states. The Kondo energy is of the order of 10 −5 ≈ 2 −16.5 . This corresponds to an N cr ≈ 33. And indeed one recognizes that the energies E st and E χ increase for N < 33 ≈ N cr . This value corresponds to a sample size of R ≈ 2 16.5 ≈ 10 5 .For smaller samples (N < N cr ) the two expressions for the Kondo energy loose their meaning. They don't indicate by themselves that the Kondo effect has disappeared. On the other hand the spin-up and down states close to the Fermi energy have lost their alignment (see Fig.11 ), showing that the Kondo effect is destroyed. 
